Employing the Polyakov extended Nambu-Jona-Lasinio model, we determine the net-baryon number fluctuations of magnetized three-flavor quark matter. We show that the magnetic field changes the nature of the strange quark transition from crossover to first-order at low temperatures. In fact, the strange quark undergoes multiple first-order phase transitions and several critical end points emerge in the phase diagram.
Introduction
The existence of a chiral critical end point (CEP) in the QCD phase diagram is still an open question. Its possible existence and location are important goals of the heavy ion collision (HIC) programs. The effect of external magnetic fields on different regions of the phase diagram is very important, e.g., for heavy-ion collisions at very high energies, the early stages of the Universe and magnetized neutron stars.
The fluctuations of conserved quantities, such as baryon, electric, and strangeness charges number, play a major role in the experimental search for the CEP in HIC. Experimental measurements of cumulants of net-proton (proxy for net-baryon) are expected to carry information about the medium created by the collision [1] . The cumulants of the net-baryon number are particularly relevant as they diverge at the CEP [2] . We will study how cumulants of the net-baryon number are affected by the presence of magnetic fields with its consequences for the location of the CEP. * Presented at Excited QCD 2018, 11-15 March 2018, Kopaonik, Serbia (1) arXiv:1810.09139v1 [hep-ph] 22 Oct 2018
Model
The Lagrangian density of the PNJL model in the presence of an external magnetic field reads
The q = (u, d, s) T is the three flavor quark field with corresponding (current)
The the (electro)magnetic tensor is given by [4] . Besides, two model variants with distinct scalar interaction coupling are analyzed: a constant coupling, G s = G 0 s , and a magnetic field dependent coupling G s = G s (eB) [5, 6] . The magnetic field coupling dependence, G s = G s (eB), reproduces the decrease of the chiral pseudo-critical temperature as a function of B obtained in LQCD calculations [7] .
Fluctuations of conserved charges, such as the net-baryon number, provide important information on the effective degrees of freedom and on critical phenomena. The n th -order net-baryon susceptibility is given by
Symmetric quark matter is considered µ u = µ d = µ s = µ q = µ B /3 in the present work.
Results
The quark condensates(T, µ B )/(0, 0) in the absence of an external magnetic field are shown in Fig. 1 . While the chiral condensate (left panel) shows a crossover transition at high temperatures (T > T CEP ), it undergoes a first-order phase transition at lower temperatures (T < T CEP ). The first-order phase transition boundary ends up in a CEP (dot) at (T CEP = 133 MeV, µ CEP B = 862 MeV). Despite the strange quark condensate being discontinuous at the first-order chiral phase transition, its value suffers only a slight change and is still high (far from being approximately restored). The decrease of the strange quark condensate, and thus the approximately restored phase, is attained through a crossover transition. Nevertheless, an interesting feature is seen when we look at the χ 3 B and χ 4 B net-baryon number susceptibilities in Fig. 2 . Just as the non-monotonic dependence of the susceptibilities near the CEP, which signals critical phenomena, a similar structure is seen at low T and µ B ≈ 1500 MeV [8] . This indicates that a slight change on the model parametrization (e.g., a stronger scalar coupling) might induce a first-order phase transition for the strange quark. A strong external magnetic field has exactly this effect [9] . The strange quark condensate and the net-baryon number susceptibilities for both G s (eB) (right panel) and G 0 s (left panel) models at eB = 0.3 GeV 2 are in Fig. 3 . We see that both models predict a first-order phase transition for the strange quark and the existence of a CEP related with the strange quark sector. Depending on the magnetic field strength, multiple phase transitions occur for both light and strange quarks [10, 11] . The behavior of χ 3
B and χ 4 B shows the emergence of several CEPs through the characteristic non-monotonic dependence, which signals the presence of critical behavior.
